was associated with abnormalities of the supraspinatus tendon. In five cases, tenosynovitis of wrist and hand tendons was detected. Tendon tumour was detected in 10 patients, seven ganglion cysts and three giant cell tumours of tendon sheath. Results of our study are similar to those in the published literature data. Discussion Musculoskeletal sonography is well suited for evaluating tendons. In most cases, its accuracy is at least equivalent to that of magnetic resonance imaging for imaging tendon abnormalities. But the advantages of sonography, such as accessibility, low cost, dynamic capability and needle guidance make it as a first-line imaging technique in tendons evaluation. Although operator dependence is an often quoted disadvantage of sonography, experienced musculoskeletal radiologists can perform effective tendon evaluation and quickly detect the abnormality.
Conclusion
Ultrasound is an efficient and accurate imaging method for evaluation of tendon abnormalities. Like magnetic resonance imaging, ultrasonography is a technique that affords anatomic images in multiple planes and that may provide information about tissue characterisation.
Introduction
Tendons are frequently affected by a wide range of inflammatory, degenerative and traumatic processes. The spectrum of pathologic changes includes tendinosis, tenosynovitis and partial or complete tear. Ultrasonography (US) is a reliable, non-invasive, widely available and inexpensive imaging modality of choice for tendon examination. It combines direct multiplanar, tomographic evaluation of the tendons with dynamic investigation of their movement and provides both an anatomic and a functional assessment. Experienced musculoskeletal radiologists can easily diagnose most basic lesions as a tendon sheath widening, peritendinitis, calcific and/or degenerative changes and tendon tears. Accurate and timely diagnosis of musculoskeletal tendon abnormalities, especially injuries is critical to ensure proper treatment and thus, minimise possible tendon disability 1, 2 . This critical review examines the US appearance of normal tendon anatomy, as well as the US appearances of different presentations of tendon injuries and non-traumatic conditions.
Material and methods
We conducted a retrospective review of US images of patients, with different tendon abnormalities and compared the results of analysis with the published literature data.
Results
This study included 149 patients, including 105 male patients and 44 female patients, with average of 47.4 ± 16 years with 157 affected tendons. One half of the patients were aged between 45 years and 65 years. The most affected tendon in our patients was the supraspinatus tendon, followed by Achilles tendon and patellar ligament. Dominant pathologic finding was tendinosis in 83 cases, with chronic tendinosis to be the more frequent ones. Partial-thickness tear was detected in 35 cases, most frequently on the supraspinatus tendon. Full-thickness tear was revealed in 11 patients, with Achilles tendon being the most common. Tenosynovitis was diagnosed in 18 cases, including 13 cases of long head of biceps tendon and five cases of wrist tendons (three cases on flexor and two cases on extensor tendons). In 8 of the 13 cases, tenosynovitis of long head of biceps tendon was associated with abnormalities of supraspinatus tendon. In 10 patients, tendon tumour was detected, including seven ganglion cysts and three giant cell tumours of tendon sheath (Table 1) . Results of our study are similar to those in the published literature data.
Discussion
Ultrasonography appearance of normal tendons For adequate diagnostic evaluation, shape, contour and echo texture of tendon, must be carefully analysed. Sonographic appearance of tendons has the basis in their anatomy. Tendons are strong bundles of parallel, dominantly type I collagen fibres, and this internal architecture is clearly visualised on conventional examination, when the ultrasound beam is perpendicular to the tendon. Tendon echogenicity decreases artificially, if the angle between tendon and ultrasound beam is higher or lower than 90° (anisotropy). On longitudinal scans, normal tendons appear as tightly packed echoic structures with fine parallel internal linear echoes (fibrillar pattern) separated by fine anechoic lines 2, 3 . Tendon contour is regular and sharply defined ( Figure 1A ). On Table 1 The frequency of pathologic fi ndings of tendons. .
Tendon

Ultrasound appearances of tendon abnormalities Tendinosis
Generally, the most common pathologic conditions affecting the tendons are tendinopathies and the frequency of these conditions depends on investigated groups. The sportsmen experience acute tendinosis and tendon tears more frequent than others. In the general population, tendinopathies are caused by repetitive microtrauma and age-related changes. While tendinosis refers to the structural changes of degeneration seen histologically or with imaging, tendinopathy is a clinical term describing tendon pain and swelling 3, 4, 6, 7 . Ultrasound appearance of tendinosis depends on extensity and the time between injury and sonographic evaluation. In acute tendinosis, initially, tendon is thickened, with normal contour and echo structure. As the process progresses, the fibrillar pattern is lost and tendon becomes hypoechoic, with further swelling (Figure 2 ). Discrete focal hypoechoic areas may represent small partial tears, which may not extend to the tendon surface. But if a defect is present on the tendon surface, dynamic evaluation (i.e., during movement) should be performed to rule out partial tear 5, 7, 8 . Increased Doppler flow can point to hyperaemia that can be associated with tendinopathy 2, 9 . The presence of neovascularity in the degenerated tendon has been suggested as a cause of pain, but Zanetti et al. showed that this sign has no role in outcome prediction 10 .
In our patients, the most common tendon affected by acute tendinosis was the patellar tendon followed by Achilles tendon, common extensor tendon of elbow and quadriceps tendon. Most of the patients were aged below 30 years and had a history of overuse at sports activities. Cook et al., in their study of 240 asymptomatic elite athletes revealed sonographic hypoechoic areas in patellar tendon in 22% of cases that was more frequent than in the control group 11 . This suggests that screening of asymptomatic persons may be useful in identifying those persons, who are at higher risk of developing tendon-related disability, which is especially important for sports population 11, 12 . In chronic tendinosis, tendon is thickened with internal hypo-or hyperechoic, unsharp defined foci. Calcification or dystrophic ossification can occur within an area of chronically inflamed or damaged tendon and appears as a hyperechogenic structure, with posterior acoustic shadowing. Such shadowing could potentially obscure underlying tendon pathology 5, 13 . US signs of chronic tendinosis in our study were detected most commonly within the supraspinatus tendon and can be explained by predomination of elderly persons. Nearly half of these patients had calcifications within an affected tendon ( Figure 3 ). As in our study, the studies performed by Goyal et al. and Naredo et al. also showed supraspinatus to be the most commonly involved tendon among the tendons of rotator cuff. The reason for frequent involvement of supraspinatus tendon is because of its characteristic anatomical location between two bones (head of humerus and acromion). Compression during forward flexion of shoulder joint leads to ischemia and later degeneration of the tendon 14, 15 .
Tears
Tears of normal tendons are extremely rare and are usually caused by severe acute injury. In most cases, pre-existing degeneration of tendon, systemic diseases and recurrent trauma predispose tendon to rupture. Gibbon et al. found three or more micro tears in athletes with partial-thickness Achilles tendon tears, compared to normal tendons or tendons without partial-thickness tear 4, 16 . When the clinical finding is suspect to tendon tear, imaging examination is necessary to confirm clinical diagnosis and to distinguish partial from complete tear. In partial tear, tendon is often enlarged, with abnormally hypoechoic or anechoic areas, which correspond to the tear and associated adjacent tendinosis ( Figures  4A and 4B ). Complete rupture of the tendon, manifests as tendinous discontinuity, retraction and hypoechoic gap. The gap can be filled with fluid, fat or scar tissue ( Figure 5 ). The free edges of the ruptured tendon are typically thickened and heterogeneous as a result of underlying tendon degeneration 2, 3, 5 . The role of sonography is not only to confirm the extent of the tear, but also to estimate the degree of separation during dynamic evaluation. The differentiation of a partial-thickness tear or tendinosis from a fullthickness tear is the clue for the correct choice of surgical versus medicament treatment. Forty-two (30.8%) patients in our study, experienced tendon tears, 35 patients experienced partial-thickness tears and 11 patients experienced fullthickness tears. Partial tear of supraspinatus tendon was the most common. This result is similar to previously reported data. Goyal et al. and Jacobson et al. showed in their studies that the most frequent cause of a painful shoulder detected on US was partial tear of supraspinatus tendon 14, 17 . Despite the specific US criteria, which are used for correct diagnosis of rotator cuff tears 17, 18 , differentiation from tendinosis may be difficult, as both tendinosis and tendon tear may appear hypoechoic and co-exist within the same tendon. Results of a study by Jacobson et al., shows that in the diagnosis of partial-or full-thickness supraspinatus tear, tendon non-visualisation, greater tuberosity cortical irregularity and cartilage interface sign are the most specific 17 . The next damaged tendon with tears in our patients was Achilles tendon, with five completeand six partial tears. Complete tear in all the cases was caused by overuse at sports activity, whereas most partial tears were not sport related. Partial-thickness tear was characterised by increased anteroposterior diameter of the tendon, with hypoechoic or anechoic defects of different size within the tendon (Figures 4A and 4B) . Some studies have shown that sonographic evaluation can be effective in the differentiation of full-versus 20 . On other hand, some studies that included surgery (Aström et al.) showed that findings from neither sonography nor magnetic resonance imaging (MRI) could be used to accurately distinguish partial-thickness tears from tendinosis 21 .
Tenosynovitis Some tendons are covered by a synovial sheath in areas of mechanical stress or in areas requiring tendon constraint (e.g., wrist and ankle). Many tendons also have adjacent bursae (e.g., rotator cuff and iliopsoas). A very small amount of fluid within the tendon sheath is normal, but circumferential presence of fluid or thickening of the tendon sheath indicates tenosynovitis. The amount of synovial fluid within a widened tendon sheath may be different, ranging from a minimal homogeneous widening to an extreme balloon-like distention. The collection of fluid around the tendons can vary in echogenicity from clear anechoic fluid, to isoechoic or hyperechoic, according to the age of the collection 5, 14, 22, 23 . Several studies have showed that chronic collection, blood and infective fluid are echogenic, whereas an acute collection is anechoic. In addition, sonography allows direct visualisation of the internal structure of the tendons and can assess the presence of partial or complete tears 1, 5, 22 . Regarding the good soft tissue contrast, ultrasound enables differentiation between exudative and proliferative synovial changes and can also suggest further diagnostic and therapeutic procedures. The use of very-high-frequency transducers (13-20 MHz) allows the detection of synovial hypertrophy that appears as an irregular thickening of the synovial layer and/or shrubby or villous vegetations. Findings like these are frequently detectable in patients with chronic tenosynovitis. US also allows safe and correct placement of needles even inside minimal fluid collections and injection of drugs for appropriate therapy in patients with tenosynovitis 1, [23] [24] [25] . Hyperaemia can also be seen in tenosynovitis or bursitis closely associated with the tendon. Colour and power Doppler US help to differentiate active from inactive joint processes 5, 22, 24 . US is more sensitive than MRI in the detection of synovitis and tenosynovitis 1, 2 . Sonographic finding of tenosynovitis was detected in 18 of our patients, in 13 biceps tendons and in five wrist and hand tendons ( Figure 6 ). As in other studies, our results showed that tendon bicep tenosynovitis was frequently associated with pathology of supraspinatus tendon (in eight of the 13 cases) 14, 15 . Five patients, with tenosynovitis of wrist and hand tendons, were aged below 30 years and tenosynovitis was associated with overuse in all cases in contrast to other studies, where arthritis was the most common cause 23, 24 .
Other lesions-ganglion cysts and giant cell tumours of the tendon sheath Ganglion cysts are benign 'tumourlike' masses that arise from the mucinous degeneration of collagenous structures. These lesions typically contain a viscous, gelatinous fluid that is surrounded by a wall composed of a dense, fibrous connective tissue. They are caused by chronic irritation, repetitive injury and ischemia. Ganglion cysts have been reported in most joints throughout the body, commonly about the wrist and ankle 26, 27 . Ganglia on sonography usually appear as hypoechoic or anechoic, well-bordered masses usually located near a joint or a tendon sheath (Figure 7 ). They typically show posterior acoustic enhancement, but small ganglionic cysts, however, may show little or no enhancement. Other variable sonographic features of ganglion cysts include the presence of lobulations, defined margins, internal echoes and septations 27, 28 . The majority of ganglia are completely avascular on colour Doppler sonography, but complex cystic ganglia can have demonstrable colour Doppler flow, likely due to superimposed inflammation. In our patients, ganglia were diagnosed most commonly at wrist as in others studies 27, 28 . The differential diagnosis of a ganglionic cyst includes anechoic or hypoechoic masses. In addition to the diagnosis of ganglia, sonography is helpful when needle aspiration is warranted. Sonography can also guide accurate intracystic steroid injection 24, 25 . Giant cell tumour of the tendon sheath is also known as localised nodular tenosynovitis. Pathologically, giant cell tumours are identical to pigmented villonodular synovitis. They are the most common in the hand, exceeded only by ganglion cysts in that location. The second most frequent site of occurrence is the ankle-foot complex. In diagnosing a giant cell tumour of the tendon sheath, US can show the tumour's site, size and echogenicity, contact of the tumour with the tendon sheath, bone erosion and internal vascularity 26, 29 . Differentiation from a ganglion is very important, because giant cell tumour can only be treated with resection, although ganglionic cysts can be treated with both resection and needle puncture, with steroid injection. The studies by Middleton et al. and Wang et al. showed that all the giant cell tumours of the tendon sheath in the hand and wrist appeared as a homogeneous, hypoechoic or hyperechoic, well-delineated solid mass in close contact with a tendon whereas ganglionic cysts appear anechoic, cystic 26, 29, 30 . The borders of the lesion are clear, but the extensively growing lesions may have close contact with the adjacent tendon sheath and joint capsule. In our study, an irregular mass surrounding peroneal tendons was revealed in one case (Figure 8) . In most cases, giant cell tumours of the tendon sheath are hypervascular lesions and colour Doppler sonography detects variable internal flow signals. Even if the sonographic appearance of a giant cell tumour of the tendon sheath is not diagnostic, it is strongly suggestive. Sonography has been proposed as the first method to assess a giant cell tumour of the tendon sheath 29 .
Conclusion
Ultrasound is an efficient and accurate imaging method for evaluation of tendon abnormalities. Like MRI, US is also a technique that affords anatomic images in multiple planes and may provide information about tissue characterisation. Artefacts and pitfalls should always be considered, because they can be misinterpreted as areas of altered tendon echogenicity due to anatomic lesions. As in other studies, our experience indicates that US should be considered as a part of the clinical examination in patients with suspected tendon lesions. Basic lesions that can be easily diagnosed are follows: tendon sheath widening, peritendinitis, calcific and/or degenerative changes and tendon tears. In addition, colour Doppler and power Doppler sonography can give important information about hyperaemia that can be associated with inflammation and solid tumours. US can also be used to monitor response to systemic and local treatments. Comparative studies between US and other imaging techniques (MRI, arthrography and arthroscopy) have confirmed the reliability of US and the good sensitivity : specificity ratio.
